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Abstract 
As the presence of the dead time of switching device, the compensation current of the inverter will have errors , and 
the compensation effect of active power filter becomes poor. For the fixed switching cycle of space vector current 
control and symmetrical PWM pulse, proposed a direct pulse compensation method of dead-time .It offsets the 
impact of dead time by superimposed a square wave on the triangular carrier which compared to the IGBT switching 
time, the triangular carrier and the square wave have the same frequency, and the amplitude of square wave is equal 
to dead time. The method is very simple and effective. MATLAB simulation shows that the method basically 
achieves full compensation of dead time. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction  
As the power electronic device for harmonic suppression and dynamic reactive compensation, Active 
Power Filter (APF) effectively improves the power quality, its current compensation results mainly are 
determined by current detection and control. Because of the "memory effect" of inverter IGBT, the turn-
off time is greater than the turn-on time, it will lead the two IGBT on the same bridge arm turn-on at the 
same time, so delay time must be set on the drive signal. During this time the output signal is not 
controllable, it is known as dead time. The presence of dead time makes the inverter output voltage 
waveform distortion, influencing the current control effect of APF[1]. 
his paper presents a direct pulse compensation method, it bases on constant switching cycle and the 
symmetry of PWM pulse in a switch cycle of space vector PWM control method. This method can 
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compensate the PWM pulse directly through superimposing the corresponding cycle square wave to the 
triangular carrier wave, then precisely offset the dead time, the method is very simple and effective.
2. Analysis of space vector PWM 
Fig1 Space vectors state 
Space vector control was used more and more widely in the APF because of its high utilization rate of 
DC voltage and low switching losses [2][3]. The implementation works as follows. 
Reference voltage vector eout is located in the  sectors which are surrounded by the basic space vector 
ex(x＝1、2、3、4、5、6),shown in figure 1.Therefore eout can be indicated with two adjacent vectors 
xe 、 ye (x，y＝1、2、3、4、5、6),then there are: 
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Where 1 2 0, ,T T T  are the action time of the vectors xe , ye , 0e . 
After determining the modulation period T of the space vector PWM and the range of reference voltage 
vector eout and the action time 1 2,T T  of space vectors, it is very convenient to implement vector control. 
Assuming eout is in the � sector, select the 100,110 vectors and two zero vectors 000,111 are selected to 
synthesize eout. 
Fig2 Vector time 
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The IGBT switching (from 0 to 1) time point of a, b, c phase are shown in figure 2. 
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The IGBT switching time when eout, in other sectors can be calculated as similar: 
Assuming: 
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The IGBT switching time point of all sectors are shown in table 1. 
Tab1 Switching time of IGBT 
The IGBT switching time Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ Ⅵ
Tcma Tb Ta Ta Tc Tc Tb
Tcmb Ta Tc Tb Tb Ta Tc
Tcmc Tc Tb Tc Ta Tb Ta
The corresponding PWM pulse will be able to get after comparing IGBT switching time to the 
triangular carrier, which is shown in figure 3. 
Fig3 The PWM pulse obtained by carrier comparisons 
T is the triangle carrier period, Tcmx (x=a, b, c) is the IGBT switching time of the upper leg. Two 
PWM pulses belong to the upper and lower IGBT of the same leg; they are the opposite waveform in 
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theory. Since the existence of dead time dt , switching time will have some errors, which is shown in 
figure 4. 
dt
dt
Fig4 The PWM pulse affected by the dead time 
The error will have a negative impact on the amplitude and phase of output harmonic reference current 
of APF inverter, so the APF compensation effects will become bad, and the degree of influence is 
proportional to the triangular carrier frequency and dead time dt . 
3. The pulse direct compensation of dead time 
For the dead time compensation, the scholars at home and abroad make a lot of research, the literature 
[4] and [5] proposed introducing the concept of error voltage vector for vector control, the method 
compensated dead time by predicting the current, the literature [6] proposed a PWM modulation method 
based on sampling method of improved rules, literature [7] and [8] proposed a dead time minimization 
method, it introduced independent switching mode to reduce unnecessary switching of switching device 
and shorten the dead time. But some of these methods are difficult to implement, and some need accurate 
mathematical model of APF.  
This paper presents a direct pulse compensation method, it superimposes the corresponding cycle 
square wave on triangular wave which is compared with IGBT switching time to compensate PWM pulse 
directly, the method is based on fixed switch cycle of and symmetry in a switching cycle of PWM pulse 
space vector PWM control, it is very simple and effective. For anglicizing facilitately, assuming that the 
switch states of b, c-bridge are 1, 0, the further analysis on the effect of dead time is as follows: 
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Fig5 PWM pulse and output voltage waveform under different conditions 
From figure 5 can see upper and lower IGBT PWM pulse signal of the same bridge and a-phase output 
voltage waveform of inverter under ideal situation and after adding the dead time. Further analysis 
showed that a-phase bridge output voltage after compensating can be the same as a-phase output voltage 
under ideal situation if when 0>ai , turning on the IGBT of a-phase ahead of schedule dt  and when 
0<ai , turning off the IGBT of a-phase ahead of schedule dt ,then the effect of dead time can be 
eliminated. The PWM pulse waveforms after compensating are shown in Figure 6 and Figure 7. 
When 0>ai , adding a positive pulse which has the same cycle with triangular carrier and the 
amplitude dt on the triangular carrier, then PWM pulse will turn on ahead of schedule dt .The principle is 
shown in Figure 6.Where PT  is the cycle of triangular carrier. 
 
2/PT
dt
2/PT
dt
cmxT
cmxT
PT  
Fig6 Compensation when 0>ai
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For the IGBT switching time point of each cycle 2/0 Pcmx TT ≤≤ , the full compensation for dead 
time can be achieved.  
When 0<ai , adding a negative pulse which has the same cycle with triangular carrier and the 
amplitude dt on the triangular carrier, then PWM pulse will turn off ahead of schedule dt . 
 
PT
2/PT
dt−
2/PT
dt
cmxT
cmxT
dt−
 
Fig7 Compensation when 0<ai
When IGBT switching time point 2/2/ PcmxdP TTtT ≤≤− , as figure 8 shown the time IGBT turned 
off ahead of schedule is only( cmxP TT −2/ )s(which is 0~ dt s).The greater the time the lower the 
compensation during the period, so the full compensation of dead time can not be achieved. 
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Fig8  Not fully compensate when 2/2/ PcmxdP TTtT ≤≤−
But IGBT switching time point 2/0 Pcmx TT ≤≤ , PT =0.0002s ， dt  is 5 sµ ， the probability 
2/2/ PcmxdP TTtT ≤≤− is only 2.5%,the effect on the compensation is small and can be ignored. 
4. MATLAB simulation and result analysis 
Based on the above analysis, select the simulation parameters are selected as follows: the load is not -
controlled three-phase rectifier bridge, connecting inductor L = 3mH, DC voltage UDC = 850V, DC 
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capacitor C = 3000, triangle carrier period T＝100 sµ  , dead time dt  is set to 3 sµ . Adding the dead time 
by using of Unit Delay (1/Z), which is shown in Figure 9: 
Fig 9 PWM pulse generation module with dead time 
dt
dt
Fig10 The logic implementation of the added dead time 
Figure 10 (a) shows the ideal pulse waveform, (b) shows the pulse after delaying dt  time , (c) shows 
the upper leg pulse affected by dead time, (d) shows the ideal pulse of lower leg, (e) shows the pulse after 
delaying dt  time, (f) shows the pulse of lower leg affected by dead time. 
Fig11 The supply current before compensation of APF
  
(a)                                                             (b)                                                             (c) 
Fig12 (a) The supply current after compensation of APF  without dead time;(b) The supply current after compensation of APF  with 
the added dead time ;(c) The supply current after the compensation of dead time 
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Fourier analysis shows that the distortion rate of supply current before compensating was 33.11%, it 
reduced to 4.69% after compensating without adding dead time, the dead time led the current distortion 
rate to 5.84%.The proposed direct pulse compensation method for dead time made the distortion rate 
droop to 4.97%, the compensation effect was good and achieved the national standard. 
  
5. Conclusions 
The proposed direct PWM pulse compensation method is very simple and high precision, the full 
compensation can not be achieved only when the IGBT switching time Tcmx(x=a, b, c) is less than the 
dead time dt , but because dt is usually 3~6 sµ , which is much smaller than the amplitude of triangular 
carrier T/2＝0.0005s ,and the probability Tcmx< dt  is very small, the influence on compensation effect 
can be ignored and the full compensation can be basically achieved. The simulation results show the 
effectiveness of the method. 
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